
• BRIEF REPORTS •

Response of blood endothelin-1 and nitric oxide activity in duodenal

ulcer patients undergoing Helicobacter pylori eradication

Full-Young Chang, Chih-Yen Chen, Ching-Liang Lu, Jiing-Chyuan Luo, Rei-Hwa Lu, Shou-Dong Lee

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                            World J Gastroenterol  2005;11(7):1048-1051

www.wjgnet.com                                                                                                                                               World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Full-Young Chang, Chih-Yen Chen, Ching-Liang Lu, Jiing-Chyuan
Luo, Rei-Hwa Lu, Shou-Dong Lee, Division of Gastroenterology,
Department of Medicine, Taipei Veterans General Hospital and
School of Medicine, National Yang-Ming University, Taipei, Taiwan,
China
Supported by the Research Foundation of Digestive Medicine,
Taiwan, China
Correspondence to: Full-Young Chang, M.D., Chief, Division of
Gastroenterology, Taipei Veterans General Hospital, 201, Section 2,
Shih-Pai Road, Taipei 112, Taiwan, China.  changfy@vghtpe.gov.tw
Telephone: +886-2-28757308    Fax: +886-2-28739318
Received: 2004-06-29    Accepted: 2004-08-22

Abstract
AIM: To investigate the effect of Helicobacter pylori
eradication on endothelin-1 (ET-1) and nitric oxide (NO)
in duodenal ulcer (DU) patients.

METHODS: Sixty-six H pylori-infected active DU patients
were consecutively enrolled to receive one-week triple
therapy (rabeprazole, amoxicillin and metronidazole) and
then one-month rabeprazole therapy. They were asked
back to determine ulcer and H pylori status using endoscopy
one month later. Thirty-seven healthy controls (H pylori
+/-: 17/20) were enrolled for comparison. Blood samples
were collected in each visit to measure plasma ET-1 and
nitrate/nitrite levels using an enzyme immunoassay kit.

RESULTS: Sixty DU patients finished trial per protocol.
The ulcer healing and H pylori-eradication rates were 86.7%
and 83.3%, respectively. Plasma ET-1 level in DU patients
was higher than that of H pylori-negative and positive controls
(3.59±0.96 vs 0.89±0.54 vs 0.3±0.2 pg/mL, P<0.01), while
nitrate/nitrite levels among them were also significantly
different (8.55±0.71 vs 5.27±0.68 vs 6.39±0.92 µmol/L,
P<0.05). H pylori eradication diminished ET-1 levels
(3.64±0.55 vs 2.64±0.55 pg/mL, P<0.01) but elevated nitrate/
nitrite level (8.16±0.84 vs 11.41±1.42 µmol/L, P<0.05).

CONCLUSION: Both plasma ET-1 and nitrate/nitrite levels
increase in active DU patients. After an effective H pylori
eradication, DU healing is associated with diminished blood
ET-1 level and elevated nitrate/nitrite level.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

In acidic stomach lumen and ongoing acid-peptic digestive
process, adequate mucosal blood flow is one of the essential
mechanisms to maintain mucosal integrity since this blood
flow removes diffused acid and delivers energy to support
the normal mucosal function[1]. Likewise, acute stress usually
results in ischemia and the following ulcerations[2]. Besides,
gastric mucosal blood flow is diminished in patients with
active gastric ulcer compared to that of healed subjects[3].
Endothelins are the family of three homologous 21-aminoacid
peptides in terms of  endothelin-1 (ET-1), ET-2 and ET-3.
ET was originally found in the endothelium of blood vessels
with very potent vasoconstriction ability[4-6]. The submucosal
injection of  ET-1 in gastric wall results in mucosal injury
since its integrity is destroyed by the diminished blood
flow[7]. In addition, the higher plasma ET-1 level is found in
gastric ulcer patients. Perhaps ET-1 is one of  the mediators
contributing to the pathogenesis of peptic ulcer[8]. Nitric
oxide (NO) is a free radical molecule generated by three
well known NO synthases (neuronal, endothelial and inducible-
NOS) via electron transfer step[9]. NO behaves as an
endogenous vasodilator to modulate stomach mucosal blood
flow in maintaining its integrity[10]. NO pathway also exhibits
other gastrointestinal functions including epithelial
permeability, motility and even inflammation. iNOS is highly
expressed in response to epithelial cell injury, apoptosis,
host immune response and perpetuation of inflammatory
responses[9-11]. It means that iNOS-derived NO generation
occurs at a greater order in these events than that of other
isoforms[9]. Accordingly, over expression of  iNOS in
gastrointestinal mucosa is one of the factors leading to
mucosal injury[12]. Currently, Helicobacter pylori (H pylori)
colonization has been considered as the most important
etiology of  peptic ulcer diseases[13]. H pylori infection produces
many peptides and inflammatory cytokines in turn leading
to major pathophysiological changes in the spectra ranging
from gastritis to cancer[14,15]. Eradication treatment has been
strongly recommended to all H pylori related duodenal ulcer
(DU) patients[13,15]. Whether H pylori infection also has an
impact on the releasing of  ET-1 and NO in DU patients is
unknown. If this impact exists, an effective H pylori
eradication should attenuate these released products upon
the disease course. The aim of  this study was to determine
whether the plasma ET-1 and NO levels were associated



with H pylori infection in DU patients, especially the effect
of H pylori eradication.

MATERIALS AND METHODS

This study was conducted between August 2001 and July
2002 as a single-center trial. Inclusion criteria were as follows:
patients of both sexes, age between 20 and 80 years, presenting
with dyspeptic symptoms, with no H pylori eradication history
or obvious gastroesophageal reflux symptoms. According
to the study protocol, only the H pylori-infected patients
with an active ulcer crater in the duodenal bulb with a
minimal size over 2 mm diagnosed based on endoscopy
were eligibly enrolled. During the diagnostic endoscopy,
ulcer size was measured while biopsy specimens were
simultaneously obtained from the antrum and body for a
rapid urease test and histological examination to determine
H pylori colonization. When both methods were positive for
H pylori, H pylori infection was established. All patients treated
previously with ulcerogenic or acid-reducing drugs within
2 wk prior to endoscopy or failed in H pylori eradication
were excluded. Other exclusion criteria included pregnancy,
concomitant gastric or prepyloric ulcer, recent DU-related
bleeding, inability to suspend any ulcerogenic drugs during
the study, or surgery on the upper gastrointestinal tract. For
comparison, age and sex-matched healthy controls were
enrolled from healthy subjects who received a paid physical
check up including routine endoscopy in this hospital. Neither
dyspepsia complaint nor main endoscopic finding was
acknowledged to be a control. Because many diseases are
associated with abnormal plasma ET-1 and NO levels,
neither the studied patients nor the control subjects had
acute pancreatitis, and chronic pulmonary, liver, renal,
cardiovascular, or cerebrovascular diseases[6,16]. This study
was approved by the Institutional Review Board of  Taipei
Veterans General Hospital, and informed consent was
obtained from all cases prior to the study.

HP eradication and follow-up
After each diagnostic endoscopy, plasma samples of all
infected DU patients were collected in the fasting state and
stored at -80 ℃ until measurement. The patients received
H pylori-eradicated triple therapy consisting of rabeprazole
20 mg twice daily, amoxicillin 1 000 mg twice daily and
metronidazole 500 mg twice daily for one week and then
acid-reducing therapy of rabeprazole 20 mg once daily for
another one month. Afterwards, they were asked back on
the appointed date for the second endoscopic reassessment
of DU and H pylori states one month after the final regimen
was completed. During this period, neither antibiotics nor
acid-reducing agent was allowed for the studied subjects
except for antacids in occurrence of dyspepsia. H pylori
eradication was defined when both urease test and histologic
examination were negative.

Plasma endothelin-1 and nitric oxide level measurement
Plasma ET-1 level was measured with a commercial enzyme
immunoassay kit [Endothelin-1 (human), Cayman, Ann Arbor,
MI, USA] while plasma NO activity was determined by
measuring the nitrate/nitrite level (Nitrate/Nitrite, Cayman).
The technician responsible for the NO and ET-1 measurement

was not aware of the current status of all studied subjects.

Statistical analysis
Results were expressed as mean±SE. Numerical data were
analyzed using either Student’s t test, Wilcoxon signed rank
test or Kruskal-Wallis one-way analysis of  variance (ANOVA).
Linear regression was used to study the correlation coefficient
between two variables. P value less than 0.05 was considered
statistically significant.

RESULTS
A total of 66 active DU patients (M/F: 46/20, age: 22-68 years)
meeting our defined criteria were consecutively enrolled.
Sixty of them (90.9%) finished the whole procedure per
protocol, 52 (86.7%) patients had healed DU in the follow-
up, whereas successful H pylori eradication was achieved in
50 (83.3%) subjects. Meanwhile 37 healthy subjects were
enrolled for comparison during this period. Seventeen of
them (M/F: 12/5, age: 32-58 years) were H pylori negative
and 20 (M/F: 13/7, age: 38-54 years) were H pylori positive.
The plasma ET-1 levels in 17 H pylori-negative controls, 20
H pylori-positive controls and 60 active DU patients were
0.89±0.54, 0.3±0.2 and 3.59±0.96 pg/mL, respectively
(P<0.01). While the plasma nitrate/nitrite levels in three studied
groups were 5.27±0.68, 6.39±0.92 and 8.55±0.71 µmol/L,
respectively (P<0.05). The correlation coefficients of plasma
ET-1 and nitrate/nitrite levels against ulcer sizes in 60 DU
patients were 0.26 (P<0.05) and 0.15 (NS), respectively
(Figure 1). Figure 2 depicts the change of  plasma ET-1
levels in DU patients after triple therapy. Among the 50
H pylori-eradicated subjects, ET-1 level diminished in the
follow-up (3.65±0.54 vs 2.64±0.55 pg/mL, P<0.01), whereas
this decline was not observed in 10 subjects without H pylori
eradication (2.39±1.20 vs 4.94±1.20 pg/mL, NS). Figure 2
shows the change of plasma nitrate/nitrite levels in these
DU patients. Nitrate/nitrite level in the 50 H pylori-
eradiacted subjects elevated in the follow-up (8.16±0.84 vs
11.41±1.42 µmol/L, P<0.05). However, this elevation
was not found in 10 patients without H pylori eradication
(8.81±2.540 vs 11.60±2.85 µmol/L, NS). The correlation
coefficients of  plasma ET-1 levels against nitrate/nitrite
levels before and after triple treatment were -0.46 and -0.068
in these 10 DU patients, respectively (NS), and were -0.16
and 0.13 in 50 H pylori-eradicated DU patients.

DISCUSSION
In our study, the H pylori eradication rate in active DU
patients undergoing this triple therapy was 83.3%. This result
is comparable with others as well as that in our previous
study using proton pump inhibitor based treatment[13,17-19].
Furthermore, the H pylori infection in all healed subjects
was eradicated. H pylori infection induces inflammatory
responses in mucosa including increased cytokines,
activation of inflammation and stimulates the production
of prostaglandins, gastrin and somatostatin, etc.[14]. The
imbalance of  these factors determines the ulcer occurrence
or recurrence. Consequently, various cytokine and peptide
responses have a significant change after effective H pylori
eradication, e.g., the decline of various cytokines and gastrin
production[20-22].
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Figure 1  Measured plasma endothelin-1 levels and ulcer sizes in
60 patients with active ulcer crater.

ET-1 appears to be a candidate in the mechanisms leading
to gastric mucosal injury. For example, increased intraluminal
acid and the following ulcerations are induced after
exogenous ET-1 treatment[7]. Furthermore, endogenous ET-
1 is a powerful mediator of stress-evoked gastric mucosal
damage in rats[23,24]. Masuda et al[8] indicated that the plasma
ET-1 level in patients with active gastric ulcer is higher than
that in these healed subjects and controls. Besides, the ulcer
areas of these subjects have a significant correlation with
plasma ET-1 levels (r = 0.7). Similarly, our study pointed
out that ET-1 level in active DU patients is also higher than
that in controls, and effective eradication can restore its
level. The ulcer sizes exhibit a weak correlation with plasma
ET-1 levels. Taking these observations into consideration,
we suggest that the increased ET-1 production is one of
the mechanisms leading to peptic ulcer formation, regardless
of ulcer location.

ET-positive cells are found in vascular smooth muscle,

gastric epithelium and stomach smooth muscle[25]. It remains
controversial about the role of H pylori in the production
of  ET-1 in peptic ulcer patients. Mori et al[26] observed that
gastric endogenous ET-1 plays a role in ammonia-induced
gastric mucosal injury mediated via muscarine and ETA
receptors. Since ammonia is the main product of H pylori,
it seems that ET-1 is closely related to H pylori elicited mucosal
injury. Our control study found that H pylori infection could
not produce ET-1. In contrast, once DU occurs, more ET-1
is produced. H pylori eradication can reduce ET-1 production.
These data suggest that ET-1 is not the only decisive factor
for H pylori-related DU, other pathways are involved in the
pathogenesis of DU.

Sufficient mucosal blood flow is dependent upon the
balance between the endothelial released substances
increasing blood flow, vasodilatation and anti-aggregatory
activity and the substances reducing blood flow and
promoting platelet aggregation[8]. Evidence indicates that NO
acts as one of the endogenous vasodilators to regulate
gastroduodenal mucosal blood flow and to maintain its
integrity and defense[9,27]. A good correlation exists between
blood/gastric mucosal nitrate/nitrite concentration and
gastric iNOS activity[28]. The increased NO production via
iNOS in gastric mucosa of stressful rats is believed to lead
to mucosal lesions[28]. Histologically, iNOS-positive cells are
not confined to the vascular smooth muscle only[29]. The
higher nitrate/nitrite level in DU patients is likely in this
example. Similarly, mucosal NO activity is also higher in
patients with gastric ulcer[25]. We suggest that more nitrate/
nitrite production in DU patients is the feedback protective
response to stress or ulceration. However, we believe that
this is not a direct response to increased ET since no
correlation exists between the two parameters.

Our study showed that H pylori infection in control

Figure 2  Change of plasma ET-1 levels (A) and nitrate/nitrite levels (B) in duodenal ulcer patients before (■) and after (□) H pylori
eradication treatment.
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subjects could not produce more nitrate/nitrite unless
presented with active DU, we suggest that significant NO
production is not due to H pylori infection since its eradication
could not diminish nitrate/nitrite level.

Since some of the degraded H pylori extracts in duodenum
are the free amino acid residues presenting as a potent
inhibitor of NO system, their blockage of gastroduodenal
NO seems to be one of the mechanisms underlying the
decreased mucosal alkaline secretory capacity in DU
patients[30]. An animal study also confirmed the interference
in mucosal NO synthase if H pylori extract is treated[31].
Accordingly, the inhibition of NO system by H pylori
infection or its product leads to ulcerations. It is unknown
whether DU patients showing ulcer healing and H pylori
eradication can restore duodenal mucosal alkaline secretion.
Future studies are likely needed to confirm this putative
mechanism. In conclusion, both plasma ET-1 and nitrate/
nitrite levels increase in active DU patients. After effective
H pylori eradication, DU healing is associated with diminished
blood ET-1 level and elevated nitrate/nitrite activity. Ulcer
processing rather than H pylori infection alone is likely to
determine the changed activity of  these vasomotor substances.

REFERENCES
1 Soll AH. Peptic ulcer and its complications. In: Sleisenger &

Fordtran’s Gastrointestinal and Liver Disease. Feldman M,
Scharschmidt BF and Sleisenger MH, eds. 6th ed. Philadelphia:
WB Saunders 1998: 620–678

2 Cho CH, Koo MW, Garg GP, Ogle CW. Stress-induced gas-

tric ulceration: its aetiology and clinical implications. Scand J
Gastroenterol 1992; 27: 257–262

3 Kamada T, Kawano S, Sato N, Fukuda M, Fusamoto H, Abe
H. Gastric mucosal blood distribution and its changes in the

healing process of gastric ulcer. Gastroenterology 1983: 84:
1541–1546

4 Yanagisawa M. The endothelin system. A new target for thera-
peutic intervention. Circulation 1994; 89: 1320–1322

5 Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi
M, Mitsui Y, Yazaki Y, Goto K, Masaki T. A novel potent
vasoconstrictor peptide produced by vascular endothelial
cells. Nature 1988; 332: 411–415

6 Benigni A, Remuzzi G. Endothelin antagonists. Lancet 1999;
353: 133–138

7 Lazaratos S, Kashimura H, Nakahara A, Fukutomi H, Osuga
T, Urushidani T, Miyauchi T, Goto K. Gastric ulcer induced by

submucosal injection of ET-1: role of potent vasoconstriction
and intraluminal acid. Am J Physiol 1993; 265: G491–G498

8 Masuda E, Kawano S, Michida T, Tsuji S, Nagano K, Fusamoto
H, Kamada T. Plasma and gastric mucosal endothelin-1 con-
centrations in patients with peptic ulcer. Dig Dis Sci 1997; 42:
314–318

9 Shah V, Lyford G, Gores G, Farrugia G. Nitric oxide in gas-
trointestinal health and disease. Gastroenterology 2004; 126:
903–913

1 0 Pique JM, Whittle BJ, Esplugues JV. The vasodilator role of
endogenous nitric oxide in the rat gastric microcirculation.
Eur J Pharmacol 1989; 174: 293–296

1 1 Stark ME, Szurszewski JH. Role of nitric oxide in gastrointes-

tinal and hepatic function and disease. Gastroenterology 1992;

103: 1928–1949
1 2 Roberts PJ, Riley GP, Morgan K, Miller R, Hunter JO, Middleton

SJ. The physiological expression of inducible nitric oxide

synthase (iNOS) in the human colon. J Clin Pathol 2001; 54:

293–297
1 3 Ulmer HJ, Beckerling A, Gatz G. Recent use of proton pump

inhibitor-based triple therapies for the eradication of H pylori:

a broad data review. Helicobacter 2003; 8: 95–104

1 4 Lehmann FS, Stalder GA. Hypotheses on the role of cytokines
in peptic ulcer disease. Eur J Clin Invest 1998; 28: 511–519

1 5 Malfertheiner P, Megraud F, O’Morain C, Hungin AP, Jones

R, Axon A, Graham DY, Tytgat G. Current concepts in the
management of Helicobacter pylori infection-the Maastricht 2-2000

Consensus Report. Aliment Pharmacol Ther 2002; 16: 167–180

1 6 Chen CY, Lu CL, Chang FY, Lu RH, Ng WW, Lee SD.
Endothelin-1 is a candidate mediating intestinal dysmotility in

patients with acute pancreatitis. Dig Dis Sci 1999: 44: 922–926

1 7 Unge P, Berstad A. Pooled analysis of anti-Helicobacter pylori
treatment regimens. Scand J Gastroenterol Suppl 1996;  220: 27–40

1 8 van der Hulst RW, Keller JJ, Rauws EA, Tytgat GN. Treat-

ment of Helicobacter pylori infection: a review of the world
literature. Helicobacter 1996; 1: 6–19

1 9 Chang FY, Lu CL, Chen CY, Luo JC, Jium KL, Lee SD. Effect

of Helicobacter pylori eradicated therapy on water gastric
emptying in patients with active duodenal ulcer. J Gastroenterol

Hepatol 2003; 18: 1250–1256

2 0 Bobrzynski A. Hormonal, secretory and morphological al-
terations in gastric mucosa in the course of Helicobacter pylori

eradication in patients with duodenal ulcer and non-ulcer

dyspepsia. J Physiol Pharmacol 1997; 48 Suppl 3: 1–56
2 1 Hahm KB, Lee KJ, Kim YS, Kim JH, Cho SW, Yim H, Joo HJ.

Augmented eradication rates of Helicobacter pylori by new

combination therapy with lansoprazole, amoxicillin, and
rebamipide. Dig Dis Sci 1998; 43: 235–240

2 2 Chen TS, Tsay SH, Chang FY, Lee SD. Effect of eradication

of Helicobacter pylori on serum pepsinogen I, gastrin, and in-
sulin in duodenal ulcer patients: a 12-month follow-up study.

Am J Gastroenterol 1994; 89: 1511–1514

2 3 Michida T, Kawano S, Masuda E, Kobayashi I, Nishimura Y,

Tsujii M, Hayashi N, Takei Y, Tsuji S, Nagano K. Role of
endothelin 1 in hemorrhagic shock-induced gastric mucosal

injury in rats. Gastroenterology 1994; 106: 988–993

2 4 Said SA, El Mowafy AM. Role of endogenous endothelin-1 in
stress-induced gastric mucosal damage and acid secretion in

rats. Regul Pept 1998; 73: 43–50

2 5 Akimoto M, Hashimoto H, Shigemoto M, Yokoyama I. Rela-
t ionship between recurrence of gastric  ulcer and the

microcirculation. J Cardiovasc Pharmacol 1998; 31  Suppl 1:

S507–S508
2 6 Mori S, Kaneko H, Mitsuma T, Hayakawa T, Yamaguchi C,

Uruma M. Implications of gastric topical bioactive peptides
in ammonia-induced acute gastric mucosal lesions in rats.
Scand J Gastroenterol 1998; 33: 386–393

2 7 Stark ME, Szurszewski JH. Role of nitric oxide in gastrointes-
tinal and hepatic function and disease. Gastroenterology 1992;
103: 1928–1949

2 8 Nishida K, Ohta Y, Ishiguro I. Changes in nitric oxide pro-
duction with lesion development in the gastric mucosa of rats
with water immersion restraint stress. Res Commun Mol Pathol
Pharmacol 1998; 100: 201–212

2 9 Stachura J, Konturek JW, Karczewska A, Domschke W, Popiela
T, Konturek SJ. Helicobacter pylori from duodenal ulcer patients
expresses inducible nitric oxide synthase immunoreactivity in
vivo and in vitro. J Physiol Pharmacol 1996; 47: 131–135

3 0 Hogan DL, Rapier RC, Dreilinger A, Koss MA, Basuk PM,
Weinstein WM, Nyberg LM, Isenberg JI. Duodenal bicarbon-
ate secretion: eradication of Helicobacter pylori and duodenal
structure and function in humans. Gastroenterology 1996; 110:
705–716

3 1 Fandriks L, von Bothmer C, Johansson B, Holm M, Bolin I,
Pettersson A. Water extract of Helicobacter pylori inhibits duode-
nal mucosal alkaline secretion in anesthetized rats. Gastroen-
terology 1997; 113: 1570–1575

 Chang FY et al. NO, ET-1 and H pylori eradication     1051


